Extensive fusion occurs upon cocultivation of murine fibroblasts producing ecotropic murine leukemia viruses (MuLVs) with a large variety of murine cell lines in the presence of the polyene antibiotic amphotericin B, the active component of the antifungal agent Fungizone. The resulting polykaryocytes contain nuclei from both infected and uninfected cells, as A common feature of a variety of enveloped viruses is their ability to induce fusion of cells bearing appropriate receptors. This activity has been observed for myxoviruses, paramyxoviruses, togaviruses, rhabdoviruses, and herpesviruses (40, 41), as well as for retroviruses of murine, bovine, primate, and human origin (7, 8, 20, 29, 38, 42) . Previous studies of fusion by murine retroviruses have been performed with several rat cell lines (17, 20, 22, 52, 53) or, more recently, with a cell line derived from tail skin of Mus dunni (24, 39); under similar conditions, other murine cells are not fused by these viruses. We now demonstrate that in the presence of the polyene antibiotic amphotericin B, rapid and efficient fusion of a variety of murine cell types occurs upon cocultivation with cells producing ecotropic murine leukemia viruses (MuLVs), and we report preliminary characterization of the viral specificity and mechanism of MuLVinduced fusion of murine cells under these conditions.
Extensive fusion occurs upon cocultivation of murine fibroblasts producing ecotropic murine leukemia viruses (MuLVs) with a large variety of murine cell lines in the presence of the polyene antibiotic amphotericin B, the active component of the antifungal agent Fungizone. The resulting polykaryocytes contain nuclei from both infected and uninfected cells, as evidenced by autoradiographic labeling experiments in which one or the other parent cell type was separately labeled with [3H]thymidine and fused with an unlabeled parent. This cell fusion specifically requires the presence of an ecotropic MuLV-producing parent and is not observed for cells producing xenotropic, amphotropic, or dualtropic viruses. Mouse cells infected with nonecotropic viruses retain their sensitivity toward fusion, whereas infection with ecotropic viruses abrogates the fusion of these cells upon cocultivation with other ecotropic MuLV-producing cells. Nonmurine cells lacking the ecotropic gp7O receptor are not fused under similar conditions. Fusion is effectively inhibited by monospecific antisera to gp7O, but not by antisera to p15(E), and studies with monoclonal antibodies identify distinct amino-and carboxy-terminal gp7O regions which play a role in the fusion reaction. The enhanced fusion which occurs in the presence of amphotericin B provides a rapid and sensitive assay for the expression of ecotropic MuLVs and should facilitate further mechanistic studies of MuLV-induced fusion of murine cells.
A common feature of a variety of enveloped viruses is their ability to induce fusion of cells bearing appropriate receptors. This activity has been observed for myxoviruses, paramyxoviruses, togaviruses, rhabdoviruses, and herpesviruses (40, 41) , as well as for retroviruses of murine, bovine, primate, and human origin (7, 8, 20, 29, 38, 42) . Previous studies of fusion by murine retroviruses have been performed with several rat cell lines (17, 20, 22, 52, 53) or, more recently, with a cell line derived from tail skin of Mus dunni (24, 39) ; under similar conditions, other murine cells are not fused by these viruses. We now demonstrate that in the presence of the polyene antibiotic amphotericin B, rapid and efficient fusion of a variety of murine cell types occurs upon cocultivation with cells producing ecotropic murine leukemia viruses (MuLVs), and we report preliminary characterization of the viral specificity and mechanism of MuLVinduced fusion of murine cells under these conditions.
MATERIALS AND METHODS
Cell lines and reagents. The cell lines used in this study are listed in Table 1 or at the same time and when the cells were grown contin-uously in the presence of amphotericin B. After cocultivation for periods ranging from 6 to 24 h, fused monolayers were either directly photographed under phase contrast or fixed by treatment with methanol for 5 min, followed by staining with 0.1% cresyl violet in water. Quantitation of fused cells was performed by counting the average number of polykaryocytes present in at least six separate areas of 0.025 cm2 each, multiplying this number by the average number of nuclei per polykaryocyte, and normalizing for an area of 1 cm2.
Autoradiography. MuLV-infected cells in the logarithmic phase of growth were labeled for 16 h with [3H]thymidine at 0.1 ,uCi/ml and then harvested after two washes with Eagle minimal essential medium containing 10-5 M cold thymidine. They were then seeded at 3 x 105 cells per dish in 1 ml of Eagle minimal essential medium on sterile glass cover slips in 35-mm petri dishes together with an equal number of unlabeled, uninfected cells. Reciprocal mixtures were set up in which the uninfected cells were labeled, and controls of unmixed cells of each type were similarly set up on cover slips at 6 x 105 cells per dish. After 6 h in a 95% air-5% CO2 incubator at 37°C, the cover slips were gently washed with phosphate-buffered saline, fixed dropwise in a fresh mixture of chilled absolute methanol plus glacial acetic acid (3:1), air dried, and then mounted with diluted Permount (Fisher Scientific) on clean slides, cell side up. The slides were dipped in Kodak nuclear tract emulsion NTB2 diluted 1:1 with water, dried and stored in light-tight slide boxes con- Fungizone contains two major components, the antibiotic amphotericin B and the detergent deoxycholate, which is used to maintain the antibiotic in solution. To determine which of these components was active in inducing the fusion, we examined solutions containing the individual reagents at concentrations equivalent to that present in the Fungizone solutions. At the concentrations tested deoxycholate did not stimulate fusion, whereas pure amphotericin B was as active as Fungizone in inducing fusion. The fusion-stimulating effect of amphotericin B is concentration dependent, with increasing fusion observed at concentrations up to 2 ,ug/ml and with a plateau at higher concentrations of the drug (Fig. 2) . Interestingly, this plateau closely corresponds to the recommended fungicidal concentration of the drug (2.5 ,ug/ml). At this concentration, the level of fusion obtained was almost 3 orders of magnitude greater than that observed in control samples not containing the drug. This concentration was used for the studies described below.
Participation of both infected and uninfected cells in polykaryocyte formation. To determine the cellular origin of the nuclei in the syncytia formed upon cocultivation of infected and uninfected cells, ecotropic LB5 MuLV-infected cells were cultured overnight in the presence of [3H]thymidine, so that virtually all the cells were labeled, and cultivated with an equal number of unlabeled, uninfected SC-1, XC, or B559 melanoma cells. Autoradiography was performed as described in Materials and Methods. Two types of syncytia were detected: homokaryons, containing only uninfected nuclei, and heterokaryons, composed of both infected and uninfected cells (Fig. 3) . Since the participation of infected cells in MuLV-induced polykaryocytes had not previously been noted, the extent of this phenomenom was quantitated. When labeled LB5 MuLVinfected SC-1 cells were used, a mixture of both labeled and unlabeled nuclei was found in 46% of the syncytia formed with unlabeled SC-1 as the uninfected parent, in 86% of the syncytia with unlabeled XC cells, and in 27% of the syncytia with unlabeled B559 cells. An analysis of the ratio of labeled to unlabeled nuclei in the heterokaryons formed between infected and uninfected SC-1 cells indicated that approximately 30% of the nuclei came from infected cells (Table 2) . Similar results were obtained when uninfected SC-1 cells were used as the labeled parent. These results indicate that cell-cell fusion between infected and uninfected cells occurs efficiently under these conditions and contributes significantly to the level of polykaryocyte formation.
Restriction of efficient fusion to ecotropic MuLVs. Three distinct classes of MuLVs which can efficiently infect murine cells have been identified: ecotropic, dualtropic, and amphotropic. To determine the specificity of the fusion reaction with respect to these classes, a series of representatives of each virus class were tested for their ability to fuse uninfected SC-1 cells in the presence of Fungizone. Only ecotropic virus-infected cells were positive, and different ecotropic virus-infected cells varied in their fusion activity ( (Fig. 4) . This result is of interest because the epitopes reacting with these two antibodies are located on separate domains of the gp7O molecule (37) and because other antibodies recognizing determinants on these domains do not exhibit significant fusion-inhibiting activity. This suggests that the two epitopes recognized by these antibodies may specifically play roles in the reactions leading to fusion.
Sensitivity of fusion to interference by endogenous expres- 
DISCUSSION
In this paper we report that fusion between ecotropic MuLV-infected and uninfected murine cells is greatly enhanced by the presence of amphotericin B in the culture medium. Amphotericin B binds to cholesterol in biological membranes (23) and increases the permeability of cells (26, 27) . Changes in membrane fluidity resulting from interactions between amphotericin B and cholesterol in the plasma membrane are believed to play a role in the enhancement of Sendai virus-mediated fusion by this drug (18). A similar effect may be involved in the enhancement of MuLVinduced fusion.
The MuLV-induced fusion of mouse cells that occurs in the presence of amphotericin B appears to be mechanistically analogous to the previously reported fusion of XC cells by these viruses (20). Rapid MuLV-mediated fusion of XC cells occurs in the presence of inhibitors of protein and nucleic acid synthesis (17, 53), indicating that viral replication in the target cells is not required for fusion and suggesting that this is an example of "fusion from without" (40) . (Fig. 3 ; Table  2 ). This implies that cell-associated viral components can interact with appropriate receptors on uninfected cells, leading to fusion. Of interest is the fact that cells infected with Moloney Vii, a mutant which expresses high levels of envelope proteins on the cell surface, but which does not produce any budding viral particles (5), do not undergo fusion. This suggests that cell-associated viral components may acquire their fusogenic capacity at the stage of the budding particle.
Our analysis of the effect of the fusion-inhibiting activities of various antibodies directed against the MuLV env proteins demonstrates the presence of two separate sites on gp70 which are involved in fusion (Table 4 ; Fig. 4) . The inability of antibodies to p15(E) to inhibit fusion is consistent with results previously obtained for MuLV-induced fusion of XC cells (53) and indicates that the regions of p15(E) bearing the major antigenic sites of the protein are not involved in fusion. The two anti-gp7O antibodies with neutralizing activity were previously shown to react with epitopes located on different ends of the gp7O molecule: 35/299 reacted with an amino-terminal site, and 35/56 reacted with a carboxytermninal site (37) . The amino-terminal domain distinguishes mink cell focus-forming virus gp70s from their ecotropic parents and thus presumably contains the receptor-binding site of these molecules (6, 15, 21, 36). The difference in fusogenicity of ecotropic and dualtropic MuLVS suggests that this domain is important for fusion; this is confirmed by the efficient inhibition of fusion by antibody 35/299. The fusion-inhibitory activity of antibody 35/56 demonstrates that the C-terminal domain of gp7O possesses a functional role in fusion as well. The epitope recognized by this antibody has previously been correlated with the Glx site (34) , and there is evidence correlating the GIx+ phenotype with the presence of an aspartic acid residue at position 404 from the amino terminus of gp70 (9, 25, 45) . This residue immediately follows a stretch of 27 uncharged, mostly hydrophobic amino acids and is 36 residues away from the hydrophobic N terminus of the p15(E) protein in the uncleaved env precursor. This suggests that either one or both of these hydrophobic domains of the env proteins may play a critical role in fusion, in analogy with the demonstrated role of the hydrophobic N-terminal domain of the F protein in paramyxovirus-induced fusion (43, 44) . The fusion-inhibitory activity of antibody 35/56 may correlate with the potent virus-neutralizing activity of this antibody previously described (30) .
Syncytium formation is a common feature of a large number of enveloped viruses and is believed to be mediated by mechanisms in common with the process of virus-cell fusion which occurs during the infectious process. Two separate pathways have been described for viral infection, which differ in the site and pH optimum for fusion. For influenza virus, vesicular stomatitis virus, and several (42) 
